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ABSTRACT 
The coiled porti on of the duct was separat ed from t he secretory por t io11 and Na+ 
K-ATPase was determ ined in each por tion in R hesus monkey palm sweat glands . 
An equ al en zym e activ it y was demonst rated in both t he duct and t he secretor~· co il. 
In 1957 Skou discovered in crab nerve a 
Mg++ dependent adenosine t riphosp ha tase st imu-
lated by t he simult aneous pre.-ence of N a+ and 
K+ and inhibited by ouabain (1). Abundant 
evidence supports t he concep t that this ouabain-
sensitive, sodium -potassium-magnesium acti-
vated adenosine trip hosphatase (Na+K-ATP-
ase ) is in tim ately involved in the active trans-
port of cations across membranes (2). Bant ing 
and Caravaggio (3) have shown a good col'l'e-
l::tt ion between the amount of cation t ransport 
and Na + K-ATPase ac tivity . Adachi and Yama-
saw:J. (4) and G ibbs et al . (5) have demonst rat ed 
Na+ K-ATPase activity in t he eccrine sweat 
gland in f rozen-dri ed sec tions. However , t heir 
meth od did not di stinguish the coiled port ion 
of t he duct from t he secretory coil. 
In vivo, the int radermal injection of ouabain 
inhibits bot h sweat secretion and sodium reab-
sorpt ion sugge ·ting that N a+K-ATPase-linked 
active t ranspor t occurs in bot h secretory and 
ductal ceUs (6, 12). 
llecen t ly, we have developed a t echnique to 
separate t he coiled port ion of the duct from 
t he sec retory coil in fresh swe:1t glands from 
t he R hesus m onkey palm. The purpose of t his 
paper is to r eport e."timates of Na+K-ATPase 
activity in bot h portions of the eccrine gland. 
MA'l'E IUAL S AND M ETHODS 
Biopsy .- p cimens (1 X 2 em) were obtained 
from t he p::dms o:f ten adult rhesus monkeys tr:m-
quili zed wi Lh Sern.\'1 (phencyclidine I-ICI) . 
T his sl11dy was suppo rted by the U . S. Army 
Resenrch nncl DP1·elopment Command. Offi ce of 
the Surp;eon Ci eneml. Con Lrnct DA -49-193-MD-
2176. nnd Lhe Nal ionnl Jnslilnl es of H ral lh. Gmnt 
AM-05655 :wei Tmin in p; Grnn t 5-TI-AM-5300. 
Rrcrivecl Jnnn n r~ · 12. 1970 ; ncccp ted for publi cn-
1 ion Mnrch 9. 1970. 
''' l~' ro m lh <' D iviRion of Dermalologv. Univnrsitv 
of 0 r<'~;o n Medi cal School. 3181 S. w·. ·sam Jn cksoi1 
Park R.ond . P ortl nnd. Oregon 97201. 
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I. Dissectio n of t he sweat aland. The specimens 
were immediately clipped in an ice-chilled sucrose 
suspending solution (0.25 M sucrose, 1 mM EDTA) 
(7) and were stored at -20o C for up to several 
clays . 
Befo re dissection the tissues were thawed at 
room temp~rature and t ransferred lo :1 Petri dish 
containing t he ice-chill ed sucrose suspending solu-
tion. Fifty to six ty coiled portions of sweat glands 
were dissected out from each specimen un der the 
stereoscopic microscope (60X) . 
Separa tion of th e coiled por tion of Lhe du ct from 
the secretory coil was performed wi th Dumont No. 
5 stainless steel tweezers whose poin ts were sharp-
ened to about 20 microns with a flue 0TindsLoue. 
A Zirconium arc lamp was focused on the sur-
face of a piece of dry ice placed und ern eath the 
Petri dish con taining the sucrose suspending solu-
tion :mel the sweat gl:mcls. The reflect cl light from 
the dry ice was used to transilluminn le lhe sweat 
glands. Under these condi tions, t he duct ran be 
easily distingui. heel from the secreto ry co il (Fig. 
1) 0 
Approximately 40 glands were di1·icled in to coil 
and duct and were kept separately in I he suspend-
ing solu tion . These separated segments 11·ere co l-
lected to a mass and bl otted quickly 11·ilh No . 542 
Whatman filte r paper which had been rut to a 
fin e point. Afte r blotting. the tissue mass was 
transferred with n. cl ea n steel needle inl o :m air-
tight Lacld Beem capsul e and quick! ~' II'Cighed on 
a M5 MeWer electri c balance (p recision :!: 1 ,ug) . 
The weight of the dissected tissue mas.-p~ rangrrl 
from 180 to 250 ,ug fo r the duct and from 200 to 
300 ,ug fo r the secretory coil. 
The tissues were then homogeni zed in an all 
glass conical microhomogeni zer (Kon tcs .. ize A A) 
containing 60 .ul of sucrose suspendin p; solu tion . 
II . ATPase assay. ATPase nrl i,· i t~· 11·a assayed 
by determining the amoun t of inorga nic phosphate 
(Pi) released by Lhe acti on of the en 7. ~rm e on 
adenosine t riph osphn te ( ATP) . T en ,ul sam piPs of 
homogenate were in rubnted in test tub <'s conla in-
ing 50 .ul of the appropriate medi um. F in n] ro nren-
trat ion of the incubntion mixtm e wns 2.5 mM 
ATP. 5 mM MgCI,. 80 mM NnCI. 40 mM KCI and 
20 mM T ri buffpr ( pH 7.4 ) , ns used b~· Adachi 
:mel Yamasmm ( 4 ). Th e Lubes \\'ere in cubalrd fo r 
one hour a t 38° C nt wl1ich t ime !.he rPaclion \\' :1S 
•. 
,..,. 
A 
Fw. 1. A. A dissected sweat gland coil separated from t he distal (straight) portion of 
the duct. B. Shows the process of separation into the coiled portion of the duct and the 
secretory coil. Note t hat th e duct is easily distinguishable from the secretory coil by the 
presence of a cuticular luminal wall. C. After separation. 
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T ABLE 
T he A'l'Pase activities in the secTetory coi l , coi lecl JJO!'l'ion of the cl·uct and the whole glo·nd 
ATPasc activity 
n 
Mean ± S. E. (per wet weight) Range l\Jcan ± S. E . (per protein ) 
Secreto ry co il A. 0.249 ~ 0.026 0.150 ,.._, 0. "150 3.34. ~ 0. 35 10 
B. 0.106 ~ O.Oll 0.082 ,.._, 0 .175 l. "J2 ~ 0.15 10 
c. 0.105 ~ 0.009 O.OGO ,.._, 0.175 1. -U ~ 0.12 10 
A-C (1) 0.144 ~ 0.017 0.0 8 ,.._, 0 .275 1.93 ~ 0. 23 10 
Coiled porti on of t he }\. 0. 250 ~ 0.017 0.137 ,.._, 0. 34.5 3.35 ~ 0.23 10 
duct B. 0.107 ~ 0.017 0 .046 ,.._, 0.2-!0 1.43 ~ 0.23 10 
c. 0.102 ~ 0.014 0.0'16 ,.._, 0.225 1. 37 ~ 0.19 10 
A-C (2) 0.148 ~ 0.011 0.092 ,.._, 0 .200 1. 98 ~ 0.15 
Whole gland A. 0.263 ~ 0.034 0.124 ,.._, 0. 413 3.52 ~ 0.46 8 
B. 0.112 ~ 0.018 0.052 ,.._, 0 .188 1.50 ~ 0.24 8 
c. 0.107 ~ 0.016 0.045 ,.._, 0.188 1.43 ~ 0. 21 8 
A-C 0. 144 ~ 0.016 0.071 ,.._, 0. 225 2.09 ~ 0.21 8 
Assay system: A: Complete (total ATPnse) 
B : Complete+ Ouabain (ouabain insensitive ATPasc) 
C : N a and K omit ted (1\II:g-ATPase) 
A-C: (N a-K-ATPase) 
E nzyme ac tivi t ies were expressed as moles of inorganic phosphate (Pi ) released per kilogram wet 
weight and per kilogram protein per hour . The mean pro tein content, 7.46 0 of wet weight, was used to 
calcul ate es timated enzyme ::wtiviti es as expressed per protein . The difference between (1) and (2) is 
ins ignifi cant (P > 0.8). 
n: The number of ex peri men t-s . 
stopped by the addition of 10 ,ul of icc cold 30% 
t richloracetic acid . Ouabain-containing (10""' M) 
and Na+ and IC+ omitted incubation systems were 
run simultaneously. The concentra tion of the in-
or!!anic phosphate was determined by the method 
of Lowry et a/. (8) . Appropria te standards were 
used . All values ''ere corrected fo r the amoun t of 
inorganic phosphate found in unincubated and 
boiled samples. 
III. PTotein deteTmination in the sweat gland. 
The wet weight on which t he enzyme activihes 
were expressed is influenced by the efficiency of 
blotting and the purity of the dissected samples. 
To test the Yal.idity of the usc of wet weight the 
protein contents were determined in tis ue ho-
mogenates and were expressed as percent of wet 
weight of sweat glands. Seven Rhesus monkeys 
were used. The dissection, weighing and homogeni-
zation of sweat glands "·ere the same ns stated 
previously . Protein was determin ed b~' the method 
of LO\\T.V el a/. (15). 
RESULTS 
A in licated in t he T able, Na + K-ATPase 
activi ty was determined by the difference in the 
amount of r eleased Pi between the complete 
incubation mixture and Na-K omitted system. 
Both the coiled portion of t he duct and t he 
secretory coil contain an equal activity of en-
zyme (see Table) . The Na + K -ATPase :~ctivity 
in the intact, unseparated glands was com-
parable to those of t he separated segments. 
The coiled portion of the duct contained 
nn emymc activity of 0.148 ± 0.011 and the 
secretory coil 0.144 ± 0.017 M P i/Kg/ hr. 
Ouabain (lo-• M) suppressed t he enzyme activi ty 
almost t o the level of the N a+ and K+ omit-
ted system (Mg-ATPase) . The mean p rotein 
content was 7.46 ± 0.33 (S.E.) percent of the 
wet weight of sweat glands (range 6.56 ,..., 9.04). 
DISCUSSION 
Eccrine sweat g1ands of Rhesus monkey paw 
produce hypotonic sweat as do the human 
went glands (our unp ublished d:~ta). The 
secretory coil of the human sweat gland pro-
du ced an isotonic precursor fluid (9) contain-
ing concentrations of sodium and of chloride 
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equal to those in plasma but with much lower 
bicarbonat e and higher lactate concentrations. 
In the coiled portion of the duct, sodium chlor-
ide in excess of water is r eabsorbed t o pro-
duce a hy potonic and byposmotic sweat (9, 10). 
Schulz et al. (9) observed that t he trans-
tubular pot ential difference (with the lum en 
negative) was decreased by the intradermal 
inj ect ion of ouabain, a specific inhibitor of 
N a + R -ATPase . Ouabain also inhibits du ctal 
sodium reabsorption (6). These data support 
the assumption that the ductal reabsorption of 
sodium depends on N a + K-ATPase-linkcd ac-
t ive sodium transport. In contrast to the duct, 
t he secretory m echanism in t he secretory coil is 
more controversial, a lt hough active sodium 
t ransport has b een assumed t o b e t he most 
likely mechanism (6, 11). A chloride pmnp 
(12) or lactate and ot her anions (13) have 
also been suggested as the driving force for t he 
secretory p rocess . 
In. t he present study , approximately equal 
Na + K-ATPase activi ty was demonstra ted in 
the du ct and the secretory coil, although the 
t o tal Na + K-ATPase activity is bigher in t he 
secretory portion because it weighs approxi-
mately 30 t o 40% more . If N::t + K-ATP::t se ac-
tivity and the amount of active sodium t rans-
p ort correlate in the sweat gland as it does in 
cat t issues (3) and in the nasal glands of the 
du ck (14) , t he presence of equal Na + K-
ATP~l se act ivity in bot b portions of t he sweat 
gland suggests t he occurrence of ::tctive .·odium 
t ranspor t in bot h . If so, active sodium t ranspor t 
by the sec retory cells followed by t he passive 
diffus ion of w::tter :mel clJlori de is t he probn,bl e 
m echanism of formation of the secretory 
fluid. In the duct, sodium is a ctively reab sorbed 
in excess of water, producing a hy poton ic fluid. 
We wish to thank Dr. William Montagna of th e 
Oregon R egional P rimate Center fo r pro viding us 
with monk ey skin specimens and D r. K enji Adachi 
fo r valuable discussions and criti cisms of Lh e work . 
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